INTRODUCTION {#sec1-1}
============

In Saudi Arabia, the College of Medicine at King Faisal University offers a 6 year medical curriculum to selected Saudi students who have successfully completed 1 year of requisite general university studies following secondary school education. The first 4 years of the curriculum are devoted to preclinical (medical sciences and family medicine).\[[@ref1]\] The anesthesia course involves fifteen topics in anesthesia and intensive care for 5th year students. It covers seven basic concepts in anesthesia and intensive care including general anesthesia, anesthetic agents, local anesthesia, postoperative pain management, fluid therapy, blood transfusion, and basic life support.

The assessment of the course comprises Objective Structured Clinical Examinations (OSCE), in conjunction with portfolio andmultiple-choice questions (MCQ). The maximum marks for the written paper MCQ, portfolio, and OSCE are 45, 25, and 30, respectively, making a total of 100 points.

The OSCE has been well received by the students and is perceived by them to be a fair reflection of their level of knowledge and skill attainment during the course.\[[@ref1]\] OSCEs have enjoyed much popularity since their introduction in 1975 by Harden, which replaced the clinical.\[[@ref2]\] In our university, OSCE was introduced in the academic year 2011-2012, which is why we conducted this research to evaluate these multi-assessment tools. Because of its validity and reliability, OSCE has been increasingly used for the assessment of medical students 'clinical skills.\[[@ref3][@ref4]\] A preliminary study in our institution in psychiatry applied the OSCE to 5^th^ year medical students and reported that OSCE is a reliable measure in the formative assessment of students.\[[@ref1]\]

Leung *et al*.\[[@ref5]\] have used an adaptation of the OSCE to assess learning. Question stations included the use of manikins to assess practical skills, such as cardiopulmonary resuscitation and airway management, identification and description of the use of equipment, and interpretation of clinical scenarios and investigations. They believe that adaptation of the OSCE is better than traditional methods of examination and it has allowed identifying shortcomings in teaching methods.

Earlier studies suggest that female undergraduates perform better than male undergraduates in clinical clerkship. Amr and Amin\[[@ref1]\] showed non-significant differences in male and female attainment in psychiatry in our institute. Our subjective impressions and a previous study suggested that women had more positive attitude and performed better than males in King Faisal University.\[[@ref2]\] Moreover, there is a rising trend in German universities to address the structure of the respective curriculum, learning goals, teaching, assessment and evaluation methods, and facultative courses.\[[@ref6]\]

The objective of this study was to evaluate the outcome of different forms of anesthesia course assessment among 5^th^ year medical students and at the same time study the influence of gender on student performance at King Faisal University, Saudi Arabia.

METHODS {#sec1-2}
=======

Male students attended the first semester (*n*=90) and females (*n*=64) attended the second one. Lectures in each semester have to cover general anesthesia, anesthetic agents, local anesthesia, postoperative pain management, fluid therapy, blood transfusion, and basic life support. The students in each semester were classified into three batches, with each batch divided into three sub-batches. Each sub-batch had 5 sessions, including one in the simulation lab where students are allowed to practice basic airway management and spinal analgesia on a mannequin and at the same time familiarize themselves with the anesthetic instruments prior to being sent to operating room OR. Three hours in addition to half an hour break each day for 4 days are spent in OR. The students will be encouraged in OR to participate in preoperative assessment, anesthesia machine, monitoring, intraoperative anesthetic management including intubation and regional analgesia, fulfilled anesthesia sheet, and patient management in postanesthesia care unit (PACU) were also recorded. There were presentation exams at the end of 5^th^ day, which were assessed by 2 faculty anesthesia staff. Portfolio also included checking the logbook, individual group discussions, and attendance. OSCEs were conducted at the end of clinical rotation for each batch (5 weeks); moreover, a quiz and MCQs in addition to two essays (5 marks for all batches) were conducted at the same time at the end of each semester. Short essays are corrected by 2 faculty staff. There is a similar assessment methods for male and female students.

The MCQ paper at each examination contained 20 questions, with each item carrying one and half mark. The initial item bank of 500 questions was designed to cover all lectures. Two to three items were included to represent each lecture. One item was answered through simple recall, and the other was designed to be answered interpretatively and commonly involved a brief, one-to four-sentence case vignette. Each MCQ item consisted of a stem of short sentence, along with four response options. Haladyna *et al*. developed test items following standard, well-described MCQ writing procedures, and they were designed to avoid ambiguity, vagueness, and value-laden language.\[[@ref7]\] Reliability (Cronbach\'s alpha) and concurrent validity (Pearson r) coefficients were obtained by correlating the scores of MCQ papers with the overall outcome of the examination. The MCQ answer sheet was corrected by the correction machine.

OSCE was developed to capture the clinical competencies of students and involved seven main items: Anesthesia machine, monitoring, instruments, spinal anesthesia, general anesthesia, drugs, and basic life support. The OSCE comprisessix questions providing 6 min each, in addition to 6 min revision and any photographs used were to be displayed in both the OSCE paper and two large screens. Portfolio consisted of multiple presentations of the students combined with a logbook, feedback. The assessment of the student included 7 items that were scored from a total of 15 marks. Logbook is assessed and scored from a total of 5 marks. Feedback and attendance include 5 marks, and if attendance is less than 75%, the student will not be allowed to attend any anesthesia exam and has to repeat the course in the nearest semester according to university regulations.

Medical students' perceptions of anesthesia-teaching evaluations were evaluated by a questionnaire that was based on the survey conducted by Ursula and Galway, 2010,\[[@ref8]\] where the students expressed their opinion of their clerkship on a five-point Likert scale, 1 being strongly disagree and 5 being strongly agree. The questionnaire included statements targeting students' perceptions around the following themes:

My expectations for this rotation were metMy expectations for this rotation were exceededThis rotation has increased my desire to pursue a career in anesthesiologyThis rotation has helped improve my skills that relate to all areas of medicine (airway skills, intravenous line placement, etc.)This rotation has helped improve my knowledge of anesthesiaThis rotation has helped improve my knowledge of general medicine.

Data analysis was carried out using the Statistical Software for the Social Sciences package (Version 11, Chicago, Illinois, USA). Median, minimum, maximum, mean, and standard deviations were calculated for examination marks. Statistical comparison was carried out using the Mann-Whitney test. Zero order and partial correlations were performed between test marks, and regression models were fitted to evaluate the predictive value of the total clinical score or total final marks as the dependent variables. To assess reliability and credibility, Cronbach\'s alpha, Kappa, and Pearson\'s correlation coefficient were used.

RESULTS {#sec1-3}
=======

[Table 1](#T1){ref-type="table"} displays the students' scores along with the different assessment methods used to evaluate the outcome. The score ranges in the portfolio, OSCE, and MCQs were 16-24, 4.2-28.9, and15.5-44.5, respectively. There was a highly significant difference in scores regarding genders, with the exception of insignificant difference for the written exam. Strong positive correlations were found between all forms of anesthesia examinations (*r*=0.000). [Table 2](#T2){ref-type="table"}, Figures [1](#F1){ref-type="fig"}-[3](#F3){ref-type="fig"} present the correlations of different types of assessment forms in the anesthesia course.
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Students\' scores along with the different types of assessment in anesthesia course
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[Table 3](#T3){ref-type="table"} displays student anesthesia satisfaction. There were highly significant differences for gender in the following areas: "Expectations were met", "Increased the desire to have anesthesiology career", and "Improved knowledge of general medicine" (0.005, 0.000, and 0.004, respectively). There were significant differences in "Expectations was exceeded" and "Improved invasive skills" (0.024 and 0.017, respectively) but insignificant difference with regard to "Improved knowledge of anesthesia Females showed higher mean satisfaction scores than males with the exception of "Decreased the desire to have anesthesiology a career".

###### 

Anesthesia satisfaction response of 5^th^ year medical students
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The Kappa concordance coefficient and the correlation between the scores of examinees were computed; they ranged from 0.79 to 0.68. The overall Cronbach\'s alpha coefficient was 0.872, Cronbach\'s alpha for portfolio exam, OSCE, and MCQs in case of corrected item total correction were 0.8471, 0.8136, and 0.7781, respectively and if the item was deleted it was 0.8910, 0.8505, and 0.8298, respectively. In the generated linear regression model, OSCE alone could predict 86.4% of the total marks. In addition, if the written exam is included, OSCE will drop to 57.2% and the written exam will be 56.8% of the total marks. Moreover, if we add portfolio, written exam, OSCE, and portfolio, respectively, it will account for 54%, 49.8%, and 15.7%, respectively, of the variance in total marks (*P*=0.001).

DISCUSSION {#sec1-4}
==========

Currently, medical student curricula are focusing less on mastery of knowledge and clinical skills and more on achieving multiple competencies that will provide students with a solid foundation to practice in complex healthcare environments. Anesthesiologists are uniquely positioned to teach towards a number of competencies. To do so, innovations in the traditional assessments need to be considered. Assessment of competency in traditional graduate medical education has been based on observation of clinical care and tests that measure the effectiveness of didactic teaching. Assessment of anesthesia in our university is in the form of OSCE, MCQs, and portfolio. In anesthesiology, direct observation of student performance by staff is the norm, and assessment of competence is often based on global impression.\[[@ref9]\]

The acquisition of clinical skills is paramount to the development of a safe and competent practitioner.\[[@ref10]\] OSCE as a performance-based assessment is a well-established assessment tool for several reasons: Competency-based valid, practical, and effective means of assessing clinical skills that are fundamental to the practice of medicine and other healthcare-related professions.\[[@ref11]\] OSCE is in use in many medical disciplines in Saudi Arabia, particularly in general surgery,\[[@ref12][@ref13]\] orthopedics,\[[@ref14]\] internal medicine, and psychiatry.\[[@ref1]\]

Findings from this study showed that the results of the MCQs are the most important predictors of final scores, as they accounted for 54% of student variability, followed by OSCE. It has been observed that general ability is the foundation of most performance measures and a well-constructed MCQ is the best estimator of this general ability (covers the area of 'knows' and 'knows how' of Miller\'s pyramid of assessment) and this could span the levels of Bloom\'s taxonomy of educational objectives from the level of comprehension to the level of evaluation. However, OSCE covers the area of 'shows how' of the Miller\'s pyramid of assessment, which is a prerequisite for physician performance in real life, such as history taking and physical examinations.\[[@ref15][@ref16]\]

The most important finding of our work is that there were highly significant differences in portfolio and OSCE scores regarding gender, with the exception of the written exam (MCQs).

Previous studies demonstrated that female students showed greater adaptability to clinical situations and concepts.\[[@ref17]\] Other possible factors could be social factors, because female students were less influenced by negative and external peer pressure, and had to prove themselves in a male-dominated society, which resulted in them being more hardworking and motivated.\[[@ref18]\]

Female students also possess better vigilance, perceptual speed, and associative memory and are also better at scanning the physical environment.\[[@ref19]\] These might have provided them with an edge over males; consequently, they show a better ability to recall more details from learning exposure in anesthesia. The brains of men and women do differ physically; mens' brains are larger womens' by about 8-10% and possess deeper fissures and sulci.\[[@ref20]\] At a cellular level, women have 9 times more white matter in areas of the brain associated with intelligence than men.\[[@ref21][@ref22][@ref23][@ref24]\] Moreover Morley and Toga attributed gender difference to endocrinal factors.\[[@ref25][@ref26]\]

On the other hand, this finding contradicted a previous study that no statistically significant difference exists between male and female students regarding OSCE, portfolio, and MCQs in the psychiatry department in our university.\[[@ref1][@ref6][@ref13]\] In addition, females had higher significant mean satisfaction scores than males, with the exception of decreased desire to pursue anesthesiology as a career, where males had the upper hand; there was also insignificant gender difference regarding improved knowledge of anesthesia.

CONCLUSION {#sec1-5}
==========

Our study provides detailed information about the current status of undergraduate evaluation of anesthesiology in Saudi University. It shows a remarkable consistency of structure, contents, and methods of assessment in addition to the positive influence of anesthesia clerkship on changing the attitude of medical students towards anesthesia specialty in a developing country This information is the basis for triggering synergistic effects, for improving educational and assessment standards in anesthesiology, and for introducing a platform for developing modern learning media in countries with a dearth of anesthesia personnel.
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